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Tir: CVRY--:A SIRCT'JR OF Z.DK 8-HRXY 'UX O"LNA2E Dlh-MhLTE

By Ly,-ne L. L4rritt1 Jr,, ft. hr 7, Cad:y zin 1vqy W. '±J;rndy

6epartmnt of Che2.:stry, Ind.iana vUn7r-sity, Bllo~nington) Iziiarna, !:,S.A.

L (Received

___ trbution No. 000 frx. the Chem.ical :Aborat- ,ries of Ind~ian& U niversity.

<r-4 Presaen-t addi-ess, ?urnside Laboratories, E. 1. D-FoPnt -4e ';-- r.s and Ccay
Q.)err Crirovej ew Jersey, U2.3..

Present &dxes, Departz~z-.t of "hmity %rginl Li:-itaxy :risti.ta,
Lexington Virginia,UZ..

Abstracted from t- ieszs su~bmitted in partial fuh1:1ent af th.e reqairementzs fcc
*hb degreei of Doctor of Phi2.osopty a-, Irdi&M UJniversity,

I~r crystal s~trucur of zinc 8-yryquincim' i~ z7.nC.&(2e)
2390O has bee dter=Lzed by single tzryst&l methocis, 7le unit cell is mcno2.inli: Orit.

Th Space 9M~ is al - C7rh ad there Pmr two :oleculas pcr unit cell.

i~= posit-.Qna "ere determ~ied by Fo~rrior =rojectons and mre refined by a
~~~o1Fourier oectrn-ensit~ aynthelis &rd by the method cl lea-st

+8-QU&r~d* Strwture factors were cbW,-ned frce visually esi~ted intensities on.
~4~~pt otoaphs takn wWth 0', la ra~atioz.

'fle melecu.1, ith the exception of the water mclecules, is essentially, planar.
n~ li in the uter L'oleculasi there Is a sort of distorted oct&~dral arrangenent
cf boznia a&oun the c,, tral zinco ion. Th Zn-C) &:nd Zn-N bond lengths are 2.054'

a42.,0 respctively, wtile the Zn-CH2 bon~d lengthn is 2.27A".

Th;.m repo-t is tZ~e second in a series from th ese Lacoratories dealing with the
crystal strutm-ce of org&:nic reagen~tB of az-A.Iytical L-:portarce and the complexes
they f=- rt met". ai-1c ion.,- Te ir-st-eor /jrritt andLr ,ra~ 1952
comcrned the stictue of : iethylglya&ir. Un'Lje d th gyi Which is
quite selectLive in ita action, 8-hyioxyqu~noline reactqs w~ith, a large r."=iber of
di-ffez-en-t ionis.

ExxrLrental. Techi~ue. Unit Cell ar~a S2:ace 3rZup

single cryStaJ. Of zinrC 6-ho cxyuiLno-ina'te -cza are q;'Zte difficult
to prepare. The Zinc sal-t is precip' tated frcon an. acetJz acid scl-ucior. d'-ai-
tior of a slig.t exczs of a 5 solution- Cf8 "oinln in 2 aceti~c acid
ind subseq,. nt ne-utralj,:tion with- diLute azcrd-z -, cde --e pr-ecinitatp-
Ocnsist-8 Of very 5 l c1ys tals c~'ic ove a rc-,r-er -:att: rn identi-a vdt'..t
of powdred single ~ - . Th-is fie c-~.~ re rciritzte --,,
wasred tiaorcughi vith ict, wat-er to) re-c-ve any exc--ss a~zndr
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is dissolved in pyridine. KAtar is added to the pyridinr solution, kopt at aout
80C until a ;rocipitats begIr.s to form. e precipitate is redissol ed by adding
a little pyridine and the thle solution is cooled slowly, in an oven, to room
temperature, Cooling over & period of two or three days yields crystals of usable
size, howevr, most crystals are lacellar twins, twinning plane (0C). Only rarely
does one fi a good single crstal. The crystals are pale yellow and translucent.
The refractive iices ware deterrined by the usual inmersion methods to be

a - l.6$ _ o.Gr02 p - 1.78 Z 0.02 y - 1.82

Sign of refraction - -

So few vell-frred single crystals were available that the orientation of the
indicatrix was not thorouZghIy established; however, b a y

The unit cell dirensions were obtained from oisoillation potographs and from
Weissenberg photographs employing the method of yj separations (arier IQ42).
The results are

a = l.28A bu-.I.2A0  c-13.16"k 1m- 06" 18'

The density by the flotation nethtod is 1.662 g./cm. "3 which gives 1.91, i.e.1
2 molecules per unit cell. By an unusual coincidence in this crystal, pointed out
by Hughes (150), thee exists a good check on the cornistancy of the values of
yc and . On Wissenberg photographs of twinned erystals rotated about the
o xij, every third layer wtere h O, 6 or 12 consists of single apotv Whreas

otherwise the spots are dcubleta, W2ly when all of the spots begin to be rolved
into Kal and k14 doublets are thMse spots on every third layer rsclnd into three
or four spots. This indicates that th reciprooal lattice mvo Win going 60"
so that using the values of a and c found previounly .. .

and p.06' 361 (2)

This value of cbecks well with that found aon2

Covplete sets of equi-inclnation Wissenberg photograpbs about the 100J arn
0] axis me taken for intensity estimation. The crystals used wre roughly

1 nm long by 0.2 =4, in diareter. No corrections for absorption were mde, Copper
Ka radiation filterea through nickel was employed and relative intensities vnre
estimated visually by cenpariscn with a standard intensity strip prepared by making
a series of timed exposures of the (202) reflection. The multiple film technique o2
Robertson (1943) was employed using four sheets of ?tstran No-Screen X-ray film
and a factor of 3.7 for the 0crease in Intensity on passage of the beam through
one layer of film 9  The usual coriections for the Lorentz and polarization factors,
the oblique penetration of the film by the X-rays for non-equatorial layer photo-
graphs, and the relative time factor of Cox and Shaw (1930) were applied. 120
zero layer Aessetcarg filn about tI00] was taken as the starard filn and by cross
calibration all intensities sere reduced to ttis cocncn level. Relative IF values
were calculated.

Systematic absences were noted for h=C. when n is odd

OkO wen k is odd

hC ,tez t is odd

with the single exceopticn that in extrenely weak refiectiOn Was observed at the
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place where (00) should occur. If this is a true reflection then the space group
could be P2/a or P/cd The external morphology of the crystal shows a two-fold
axis of syrzetry which Would fix the space group as / However, it is impossible
to pack the requdred two molecules satisfactorily in th unit cell in this space
group with the short b axis existing in this crystal, Therefore it appears certain
that the correct space group is P/ - Csh and that the very weak (010) reflection
is most probably due to an interna'I/ef)ction or perhaps to some slight disorder
in the L o0l0direction.

Determination of Atmic Positons

A, Patterson projection, Figure 1 upon (010) is sufficiently well resolved
to yield a trial structure. Contour lines in Figure 1 are drawn at arbitrary levels
of li0'; the zero contour being dotted. Crosses represent the ultimate positions of
projected vectors between the zinc atom and the other atoms of the same mclecule.

Structure factors) FhO , vere calculated for this trial structure, Atomic
scattering factors were taken from the Internationale Tabellen with corrections
applied to those for zinc due to dispersion of the K electrons (James 1950), Since
the zinc atom contributes to all of the 182 terms of this son@# nearly all signs
axe positive, Actually the signs of l5 terms appeared to be definitely fixed so
that they could be included in the first Fourier projection. nuree Fourier
projections served to refine the x and a parameter0. Only a very few of the weakar
terms changed sign in the process of refimment. The third Fourier trjection on
(00) is shown in Figure 2, -Contours are drawn at intervals of Is A ' except

-. nar the origin where the contour intearl is 5Ek' , T ove electron contour is
detted and the croses oh the final positions of the pro.etad atolc centers
after the structure determination was co1eted, For couparion purposes the final
a~trute is shown as if projected =n (010) inFiure 3P

After each projection a temperature and awal. factor vu determined by the
mseo d of least-seuares using the following equaton to sepront the relationship
boetwen Fe and Fc.

The valu of R " e'**"n 9Adfrm,81to 0.8and0.164
during the process of these refinem 9 entse of peaks were determined by the
method of Carpenter and Donohue (1950). After the x and a parameters were estab-
lished by the projection on (010) an estimate of the tilt of the molecule was
rmade by measuring the bond lengths in the benzene and pyridine rings, in projection,
and corparing these lengths with the expected values. It was estimated that the
molecule was tilted about 49* around an axis nearly perpendicular to [01 and
lying in the (010) plane, From this information the y parameters were estinated
and the structure factors for all reflections were calculated, By trial and error
it was discovered that better agreement between IFoiandiFcicould be obtained if the
angle of tilt were increased to 50, At this point it was decided to carry out
the refinement .- th a three-dimensional Fourier synthesis, since ordinary project-
ions Along' 100 or 001I would not show many resolved atoms.

Slight corrections wre obtained from the three-dimensional density function.
It appears that the molecule is tilted about 50.5* around an axis inclined 94e
to r1loo]and also which rakes a slight angle of 3 3/4 ° with the (010) plane.

A least-squares refinement of the parameters according to the 2ethod of
Hughes (1941) cormleted the structure determination, All of the 1636 reflections
within tne region investigated wre included in this treatnent. Crily the diagoral
-ern-s were calculated and used in solving the normal equations. The fn16al
corrections from the least-squares method averagod 0.025A* per parareter with a
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maximum of O.I0AO in the z parameter of the C3 atom,. Final parametere for the
atons are given in Table I. The final values of IFolandFc are given in Table II.

The final value of B, the exponent in the temperatfre factor expression, was

2.23 x 10"16 cm2 .

There are 213 unobserved reflections. If those for which F. is below the

minimum observable value for the region of the film in which the reflection should

occur are not counted but those for which Fc would indicate the reflection should

have been observed are talen at the minimum observable value of Fop then R turns

V out to be 0.226. If these 213 reflections are left out altogether R would be 0.219.

The calculations of the Fourier density functions, structure factors and

least-squares refinement were carried out with the aid of I.B.1.. machines

(Donohue and Schomaker, 1949; Shaffer, Schomaker and Pauling, 1946).

TABLE I

Atomic Parametcrs of Zinc 8-hydraxyquinolinate Dihydrate

Atom Fraction of Cell Edge

x y z

C0 ....................... . . ....... ...... 0.158 0.286 0.194

C2  . . .. -... -.......... -.............. .. .... . . . .. 0 . 20 4  0 . 3 2 6  0 . 3 0 ".

C3 ........... . . ................ 0.167 0.175 0.372

C . ........ ........... .............. . 0.037 0.832 0.396

C5  ........ ... .... .................. ..... . . . . . . 0.951 0.646 0.350

C6 0.909 0.623 0.244

07 ...-..... .. .. 0.952 0..770 0.178

0 ............. ... ... .... . ..... .. o,-o41 0.958 0.225

C9 .............-....... 0082 0978 0.336

0 0................0.912 0.762 0.076

02 . ... ........ . -............. . . ........-.. .... ....... .......... ....... 0.156 o.734 0.O 00

S . . . ... ... ..................... .................... ....... . . . . . . 0.079 0.104 0.156

Zn ...................... .. . . 0.000 04000 0.00



Discussion of Structure

The dimensions of a single asyrmetric unit are presented in Figure 3 and
Table III. Because of the presence of a heavy atom in the structure the positions
of the lighter atoms caninot be fixed as accurately as desired. It seems probable
that errors in bond distances between light atoms nay be as high as 0,06 to 0.08A0

judging by the bond lengths in the benzene and pyridin ring and little weight

should be placed on the irregularities in the bond lengths in these rings, Zhe

lengths of the bonds around the zinc atom, which are the most interesting in this

crystal, are undoubtably more precise due to the exact knowledge of the position

of the zinc ion and should not be in error by more than about 0.03 to O.4A.

It would appear that the major distortions in bond angles which results from

formation of the five-membered ring are in the angles around the zinc ion and

around the nitrogen atac t The Zn - N - Ce angle has been decreased significantly
from the expected angle of 120%

The arrangement around the zinc atom is that of a distorted octahedron, This
is shown schematically in Figure 4q The bond angle af 79,8 between the cxygen,
zinc and nitrogen atoms of the main part of the molecule probably represents a
sort of cmwpromise due to the rigid structure of the crganic chelating molecule
and the inability to approach closer to the zinc atom without causing too short
bonds and too great a negative charge upon the zinc atom, A somewhat similar
distorted octahedral arrangement is found in nickel glycine dihydrate (Stosick,
1945). If the 3iua were free to move as necessary then a more regular octahetl !
structure would be expected such as us observed by Tang and Sturdivant (1952)
in mmigatse cLidr dirate xamethylene diarius complex.

?ht utt atn hs a closed third electron shell and therefore the bonding
of the six group must be through use of the 48o 4h9 and 4d2 orbits, This would
be sirlj to the caM of the above mentioned manganse ccrplex where magnetic
susceptibility msasureents have shown five unpaired electrons. There is
undcubtably coflsha'able ionic character in these boida,

From the normal covalent radii ascribed to asygen (0,66&') and to nitrogen
(0.7A*) and the Zn-O, and Zn-N bond distances in this crystal, it appears that
the octahedral covalent radius of the zinc atom is about 138AC, Pauling (1945)
lists 1,32A" as the tetrahedral covalent radius af zinc, The increase of about
0. 07A" seems reaaQablo if the unstable 4d orbitals are involved at all.

The water molecules are much less firmly attached to the zinc ator. than is
the organic molecule as shown by the greater Zn-0 2 distance and confirmed by the
fact that the compound loses these water molecules on drying above 1350C. The
anhydrous comlex is undoubtably tetrahedral since Liu and Bailar (1951) have beer,
able to resolve the anhydrous zirc complex of 8-.hydroxyquinoline-5-sulfonic acid
into optically active isomers, Zundy (198) has shown that the copper 8-hydrojr-
quinolinate complex exists in two forms, an anhydrous form with space group
P2 and four atons per unit cell and a dihydrate isanorphous with the zinc
coAtex. According to this observation, there is no reason why the anhydrous form,
at least of the copper corplex, should not be tetrahedral, It is interesting to
note that the resolved coz-ounds of Liu and Bailar are easily racemized on standing
in viatcr v -dch might indicate that they pick up two water molecules and revert to
the structure shown in this report,

The molecules in zinc 8-hydraxyquinolinate dihydrate shcw no unusually close
approaches, The smal l est intermolecular distance is 3,45AO between adjacent water
molecules, The closest approach of carbon atoms is 3,47A° . These distances
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eliminate the pcssibility of hydrogen bonding and indicate that molecular binding
in the crystal is mainly through van der Waals forces,

The hydrogen atomsp which altogether contribute 8% of the scattering matter
of the unit cellj were neglected entirely in this determination. Inclusion of
the hydrogens would probably improve slightly the agreement between observed and
calculated structure factors, It is also probable that an anisotropic temperature
factor would materially improve the agreement. A root-mean-square displaccnicnt
of the atoms of 0.17A" is indicated from the value of B in the temperature factor
expression.

The atoms of the 8-hydre'quiroline molecules and the zinc atom all lie in
a plane within the listts of experimental error except perhaps for the oxygen atom,
0.) w.ich seers to be about 0.lOC" below the least-squares-best plane. If the
five-rmbered ring alone is consideredp none of the atoms in this ring are more
than 0,05A from a plane. The equation of the least-squares-best plane for the
whole assyr.tric unit in terms of the unit cell vectors is

a o .39hb - 0,2554c a o (4)
The average deviation of atoms frm- this plane is Oo03A. and the maximum deviatior
is O.01V for the ocyrn atom 0.,

The authors gratefully acknowodge the following aid which has made possiblr
this and other structure determinations to be reported later: The Research
C orporation for a Frederick Gardner Cottrell grant for purchase of instruments,
the Graduate School of Indiana University for a grant-in-aid to help punch raster
data used in structural calculations, the E, It DuPont de Nemours and Company for
a fellowship for one of us (R.TC.) during the year 1950-1 and the Office of
Naval Research for extensive support under contract Nonr-191 (00), NR C52-245.
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TABLE Ml

Irnteratcnic Distances and Anglea in

Zinc 8-Hydroxyquinolinate Dihydrate Crystal

Bond Distance Bonds Angle

nO w5*0 1 -Zn-N 79.80

In-N 2.06 0-n0 94.6

Zji-0 2  2.27 N-Zn-0 2  92.7

N-11.33 Zn-N-C 8  111.8

C3-21.38 N-CS-%07  1.16.1

C-31.4o C8-C 7-0 1  12.7.4~

C3 -$. 1.42 C 70.01 -Zn 114.3

05-09g 1.40 N-C1-C2 120.9

05 -N 1.37 r'.C-3119.59

04-09 1.32 C23'C3309 122.1l

04-05 1.41 C3-C9-G5 113-5

C- 1.34 C9 -05 -N 125.1

C6-j1.37 C5-N-C, 190

C '"81.44 C7-c'8-c9  118.8

C 7-01 1,29 C8-Cr--C, 121.0

C9-C4-C5120.1

120.6

05-05-07 121,6

C6-C7-O8 117.8

C6'4C7-01 12L~.4

Zn-N-01 . 128.9

C3 -0 9-C 4 125.6
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TA RT =I

Observed and Calc ulatod St w-ture Factors

T retflsetions in the following tabie are nited in jnoup with h and k con-stant in each o. he first couln gives the 1 inx, the scond gives t.
calculated stxuctum factor, and the third givee th observed structure factor,AU values of structure factors hav been matiplied by ten to eliHate decivua

1 Fe FO 1 Fe Fo 1 PC Fo

2 -36 57 6 216 221 13 72 353 600 920 7 218 2194 273 336 6 266 267 051
5 67 o5 9 315 345
6 569 766 10- _U2 73 1. 80 807 2146 1.29 11 -5 28 2 6 C 808 279 340C 12 100 2.36 3 7 U2.9 236 320 13 61 97 4 3210 235 315 1.4 71 115 5 46 25U. 271 326 15 4.9 71. 6. -3 (2212 299 375 7 SP 3t274 361 &3 -Q 1.I9~2150 173 95

1% 2.C6 133 1 24~ 17 1.0 -2 28

3 -249 230MI4 -34 60 6
5 49 531, 150 12 6 71 50 0 12 95 7--72 0 1 .65 37~264 241 & -133 29 2 52 51

1 5 127 9 61 30 20 1a65 230 25 10 135 129 22 446 166 170 2.1 62 71 5 72 587 -24 2 21 23 6 79 K08 -n2 60 13 -25 19 7 48 59 -311 (2. 14 -45 26 8 106 11510 -21. 53
1.1 -154 2.26 d41 iii
12 -16 2 3
13 120 60 0 319 327 0 645 63714 -31. 30 C. 1424 409 2. 251 L95
15 2.4 25 2 337 3712 2 418 3116 20 3 227 214 3 272 2324i 288 24 6 4 446 282.021 5 22.4 223 5 501 425

6 225 3Cd 6 293 3310 -2 C4 1.65 7 104 62 7 293 )521 39 521 a 25 46 8 246 2602 100 46 9 7197 22.6 9 91 1473 209 227 10 228 4,16 10 2.61 179Li 318 336 11 1.76 373 11 1$i 1595 2-32 12? 12 136 31,5 12 163 179



1 Fc Fo 1 Fc Fo 1 Fo 10

13 155 136 12 -37 23 12 40 (14
14 98 104 13 37 25 13 -23 0
1$ 8 96 14 -5 32

1. 25 -29 14 Da

131 1 -33 25
1 706 513 2 -173 122
2 276 267 c 385 3C4 3 -116 78
3 351 3 1 239 123 4 80 62
4 161 135 2 66 94 5 461
5 362 3 4 3 , 5d4 6 49 352
6 473 471 4 443 327 7 3.6 (25
7 234 21.6 5 14 256 8 -W21 172
8 167 166 6 359 274 9 53 44
9 319 335 7 -26 14 10 1.5 60

10 206 196 8 170 191 25
11 21 69 9 459 32 12 1 (2.8
12 146 1.88 0 3 41 23 -56 78
13 212 2C 11 70 57
14 125 149 12 141 99 la
15 U5 126 13 39 55
6 27 '9 14 12 8 22 0 216 172

12. 3 2 205 -173
3 151 1&1

0 71 96 1 332 290 4 146 a
1 -1Q28 2 2 2.86 173 5 153 w
2 -56 23 265 257 6 36 05

a 44 470 400 7 76 X
I C. 41 5 23.9 2.8 a 1w

5 45 18 6 224 230 9 63
6 -eo 44 7 2639 1.6 10 56 14
7 -46 25 86 169 15~4 11 66 51
6 -3 55 9 229 219
9 -128 108 10 122 1.61 l

10 54 74 2.1 144 166
11 70 50 12 147 117 1 20
1.2 -39 '9 13 52 89 2 36 37
2.3 -1.0 ~21 14 104 104 .3 262 271
14 -56 53 215 79 57 4 1.52 172
15 -20 226 5 1-8 12

241 6 . 6 9
T -. 1 <23

C 1 (23 8 1o0 99
1 -15 27 1. -2 (23 1 256 W4
2 2.47 161. 2 -2 37 10 80 65
3 -26 4.2 3 -2 30 2.] 70 76
4 -136 161 4 56 76
5 198 202 5 52 78 161.
6 93 71. 6 1.7 19
7 1.0 421 7 -65 21 0 1. (22
a 81 5-6 8 -33 <25 1 1"4 104~
9 -24 1c32 5 1 c 78 2 -13 t

10 -22 (25 1/C 26 (22. 3 -86 9
2.2 2.30 1.36 11 6 32 4 -45 73



1 Fo Fo I Fo Fo I Fe Fo

5 -42 L4 2. 521 462 2 414 3436 74 34 2 256 213 3 563 41
7 20 $ 3 32a 306 4 646 q&

4 319 255 5 350 31316, 5 60 6 375 276
6 238 212 7 327 257

1 168 14 7 24? 232 8 263 11
2 75 76 8 1 22 9 313 297
3 -2 U? 9 70 5$6i 1 390 166
4 -11 35 10 1 < 25 11 -56 30
5 -14 -0. 11 -29 26 12 5o 65
6 27 23 12 10 <23 13 1Q 135
7 30 39 23 20 (21 14 149 113
8 5 2$ 14 14 (18 15 124 106

15 28 <,12 16 82 60
200

0 =U 1156
1 145 1.36 1 6,4 443 0 12 27
2 478 543 2 -63 510 1 -64 8
3 270 24. 3 -224 136 2 -219
4 357 ,43 4 -263 260 3 -171 143
5 720 832 5 -20 138 4 -67 32
6 195 269 6 52 71 5 -30 11
7 -39 (19 7 -297 227 6 -90 83
6 lo 2d4 8 -268 234 7 -a69 202
9 160 151 9 -29 214 8 4&6 170

10 -17 34 10 -209 179 9 21 i8
12 -35 50 24 62 58 10 14 IM
12 266 271. 12 -.17 25 f11 - 3 37
13 1,53 182 13 10 30 12 -3 At?
14 54 120 14 4 <2113 -6 5
25 91 99 1 -90

f 16 11 30 D31

221 1 -27 42
1 826 o18 2 -8 76
2 -%0 76 0 470 4$5 3 -6 39
3 242 182. 3. 227 239 4 166 122
4 -1-u 110 2 84 63 5 1.73 .1$
5 106 222 3 314 313 6 W 83
6 282 310 4 294 253 7 149 101
7 233 313 5 289 276 8 132 78
8 380 427 6 3to 33 9 141 83
9 233 2&. 7 212 181 10 69 64

10 121 2.4 8 343 290 3. -3 423
11 271 317 9 318 313 12 33 (23
12 273 317 10 172 177 13 37 <;
13 02 189 12 233 209 14 8 .6
14 l0 154 12 .13 113 15 1 11
15 130 152 13 69 101
16 22 60 1L 126 124 241

2.. 21 0 194 170
1 196 172

0 -5 51 1 65 352 2 291 235



1 Fc Fo 1 Fc Fo 1 Fo Fo

3 3C4 242 26. 13 222 225
4 182 16 IL 124 ISo
5 87 89 0 86 6 15 139 158
6 91 73 1 .2 14 16 65 76
7 13 94 2 179 229
8 132 103 3 IC4 74 321
9 46 42 4 39 30

1o 2i. 34 5 .23 o. 0 55 62
1. 93 71 6 53 37 1 -165 170
2 25 35 7 81 76 2 -123 71

3 222 195
761 4 -1.6 (1$

5 103 92
1 247 161 1 1.24 103 6 -19 57
2 14 3 72 2 IxC 90 7 -270 21.2
3 145 53 3 190 136 8 120 170
4 186 175 4 142 135 9 143 115
5 1.36 1.27 5 146 2.04 10 -5 <23
6 182 159 6 11 50 12 -1- < 23
7 99 7$ 7 53 62 12 -16 27
a 19 5 109 u 7 13 -28 (16
9 1921 136 1.4 -3 1j4

10 257 151 311
31 105 97 Y21
12 .31 l1 0 577 565
13 114 81. 1 -7 46 1. 1L 7 145

2 350 322 2 9 39
251 3 355 304 3 -77 4

4 427 396 4 ".167 1
0 89 50 5 440 437 5 -61 27
1 .41 (25 6 l5 211 6 259 260
2 98 67 7 236 237 7 35 51
3 L13 51 8 213 214 8 -99 76
4 4 <23 U .5 2.79 9 -61 5$
5 70 50 .0 1" 165 10 15 23
6 ,6 65 11 162 172 11 52.
7 58 44 12 170 179 12 -72 41
8 62 41 13 103 104 13 73 60
9 54 32 14 59 76 14 75 23

I -25 (I 15 -57 37
yu16 14 <1

1 999 639 331
* 2. 2 34 2 190 15

2 161 122 3 201 2.79 0 200 166
3 -166 29 4 511l -.78 1 256 200
4 -io5 67 5 279 20c 2 2CC 179
5 3 (23 6 310 297 3 26,. 266
6 -66 23 7 346 3C6 4 214- 156
7 20 <23 . 172 !66 5 172 166
8 -150 99 9 347 345 6 139 120
9 -133 65 1r 355 352 7 -2. 19

10 40 C76 11 3 46 8 3C4 26C
S1 16 12 66 2i 9 212 163



1 Fc o 1 T To 1 Fc

10 -12 351 5 278 252
11 134 136 6 257 36212 49 37 0 232 153 7 270 375
13 66 65 1 224 19n a 76 166

2 231 204 9 57 142
331 3 n3 I 4  10 15 50

4 104 s6 1 5? 1171 138 127 5 168 14 12 1L5 166
2 339 2L 6 156 12o 13 35 42
3 284 207 7 121 97 14 72 81
4 176 156 8 74 97
5 226 223 9 1221 154 01
6 226 151
7 124 127 351 2. -3.82 304
8 18c 163 2 220 289
9 167 143 1 340 249 3 275 25910 43 97 2 -8 30 4 38 35

11 134 152 3 135 140 5 179 234
12 123 97 4 254 2,.6 6 I06 14713 93 110 5 175 177 7 23a 331
14 107 11 6 164 161 & 3Ce 375
15 4o 37 7 149 IC4 9 273 343

a 25 21 10 563
341 9 79 80 . 140

10 213 145 12 -93 90 56 25 11 146 1.. 13 136 18W
1 81 69 -14 43 72 19 19 361 15 u/2 36M
3- -89 67 16 83 120
4 8a 73 0 -4

-3 18 1 34 4
6 -4c (23 2 -27 16
7 4. 39 3 -10 16 o , 16
8 -7 64 4 -16 14 1 -321 276
9' -8 <22. 5 -5 1.2 2 -Q38 1%10 70 67 6 50 30 3 30 44

11 -6 <14 4 -267 234
1.2 5 5 161 5 -I.60136

6 16 76
1 24 (19 1 7 30
2 -16 (19 8 22 42

1 17 (23 3 34 <19 9 -26 30
2 12]. 78 2 29 <l 10 79 74
3 -167 142 5 -22 <16 11 -32 9
L -63 62 6 -17 <16 12 .127 83
5 10 28 7 -29 <14 13 -19o  76 -35 41 6 -3 <22 14 -59 26
7 1-13 46

8 -6 46
9 -115 67

10 37 (23 .0 65 1 53 1691 1 1 <21 1 253 365 2 103 60
12 1 10 2 248 294 3 -55 15
13 -42 39 3 273 4:: 4 -i) 17214 -22 4 397 .4, 5 -?15 18



1 Fe Fo I Fc Fo 1 Fo Fc

6 213 175 5 36 23 12 86 74
7 55 (21 6 -29 2.1 13 68 69
8 70 < 2. 7 -50 2.1
9 72 (21 8 -37 27

10 477 150 9 4o (23
11 177 152 10 58 41 0 -49 30
12 270 275 11 16 Ca 1 -4s2 423
13 25 (419 12 3 44 2 -53 41
14 19 (2. 3 -129 83
15 -3 (1) 711 4 -25 (2.
16 -103 <:. 5 22 26

1 -147 138 6 -.8 <1942.1 2 -9 62 7 -5 12
3 -7 R8 2. 4

0 488 359 4 1 0 9 79 69
1 1"1 05 5 12 S
2 293 271 6 5 t2 15
3 294 292. 7 34 25
4 3o6 312 8 24 23 1 63 42
5 362 322 9 -50 423 2 151 766 76 65 10 -90 53 3 -7 51.
7 1.9 41 11 -73 58 4 -89 $2
8 278 250$ 2.2 -104 53 5 48 C.21
9 246 216 13 -69 45 6 -31 16

10 2.16 128 14 13 (16 7 90 28
11 199 l4 15 27 7 a 21 41
3.2 a0 $7 9 412 .57.3 117 115 441 10 32 69

t21 iCSo a v o
1 120 97 461

1 930 807 2 2#V 216
2 576 432 3 154 138 0 256 1o
3 369 273 4 74 64 1 238 97
4 47 3;3 5 14o U3 2 75 675 320 251 6 95 97 .3 8Z 64
6 351 329 7 175 140 4 U17 96
7 336 267 8 236 158 5 46 46
8 137 iC6 9 -13 16
9 172 161 12 .-56 25 :61

10 186 161 11 57 37
1 173 14o i 121 l

12 166 12> Ifl 2 167 115
13 176 143 3 145 9914 207 168 1 10 117 4 85 78
15 137 106 2 -138 6 5 13 92
16 123 78 3 -48 32 6 2i2 73

L 287 18 7 99 9,
431 5 173 147 8 68 446 1.22 ic6

0 94 8- 7 113 215 511
2 127 133 $ 55 67
2 1&4 152 9 220 126 236 225
3 175 12: 12 162 2: 1 65 80
4 134 127 11 47 74 2 38 335



I Fc Fo 1 Fc Fo I Fc Fo

3 290 280 7 106 71 9 88 814 384 391 8 -55 55 10 -15 (12
5 342 J49 9 -5 506 -4 9 10 28 (23 341
7 120 152 11 -12 30
8 294 271 12 -62 53 1 -89 53
9 119 136 I3 16 421 2 174 12210 71 lo 14 4 Cd 9 3 177 U511 150 135 15 -& 16 4 -1 1171 I 5 106 16 l 7 41 5 25 2313 70 63 6 59 423

531 7 14 r(23
8 95 50

0 210 179 9 10 (211 538 512 1 299 257 10 -37 (21
2 331 292 2 1.82 179 11 -19-193 246 195 3 186 205 12 -3 i.64 381 317 4 186 189 13 25 145 350 3 2 5 67 127
6 157 142 6 181 191 551.7 199 179 7 194- 139
8 280 271 a 65 1c 80 L2
9 253 262 9 76 60 1 1.35 14510 281 260 10 141 .12 2 2.78 163.1 11 2133 11 84 76 3 76 6512 73 76 4 6c 5o

13 164 152 ;31 5 Ila 8314 69 97 6 89 58
15 127 140 1 300 22.1 7 189 11516 128 12o 2 239 195 8 125 129

521 3 126 120
4 303 244;5
5 159 1720 164 184 6 216 211 1 222 1582 21 74 7 266 215 2 2 1592 54 18 22 67 3 47 583 2122 12Z4 9 14o 115 4 58 76

4 -91 30 10 217 166 5 2C5 1635 83 611 128 115 6 163 129
6 --a7 57 12 5& 57 7 140 1177 -93 37 13 103 17 8 104 8o8 169 IL3 14 198 184 9 0 (189 50 30 15 35 16 10 116 12410 11 19 11 125 163

11 -15 21 541
12 602 -30 <23 1

21 1 42 25 0 -2 46
2 -27 57 1 -34 (1o41 341 253 3 -92 74 2 19 372 53 i8 4 46 27 3 22 623 -371 3-5 5 -3 (21 9 21

4 -23 L1 6 27 32
5 -56 76 7 -79 5c
6 -23 9 3 -1c2 42



1 Pe Fo 11 Fa Fo 1 lv Fo

618 141 110 213 152 1.27
9 30 35 14 lokl 331 -50 69 10 83 76 is 53 892 -31 So 11 -5o 4 16 21 34,

4 -45 23 631
5 2 (14 an
6 2 C4 0 82 90
7 -18 19 1 -159 12 1 124 142

201 2 -66 48 2 128 15
63 214 25 3 6.3 67

14 -76 5.8 4 38 46
0 164 195 5 -124 104 5 26 41
1 135 227 6 62. 76 6 36 76
2 450 574 7 129 81 7 614 71
3 381 439 a 106 80 8 32 14
4 292 40 9 116 81 9 50 (2075 286 4114 10 1 6o 10 -55 60
6 292 396 11 117 106 11 -6 CS
7 343 370 12 -5 <25
6 186 269 13 5 <23 3319 al. 24614 010 216 234 is 4is el;1 5 2

11 106 135 16 -5 (4 2 19 152
12 90 238 3 136 89

3m621. 4 -129 go
5 -12J 1.29

S 1 81 9 6 -3031 337 40 1 185 173 7 322 2 455 2 161 154 8 1
3 W2 434 3 3& 1 91 U2 fl
4 5O 68m 14262273 2.0 -W 9

57 %J 5 £3 69 U1 -20 416 5 U6 -n2 £3 12 -4 3.97 2M. 292 7 41. 92 13 -69 58
5 411 501 8 113 112 14 35 169 156 306 9 30 35 15 53 4210 529 581 10 62 9

2.1 364 345 11 91 10464
12 -239 214 12 41 37
1.3 78 106 0 203 17014 219 179 T21 1 231s 20715 2.18 136 2 12 13116 191 227 1 372 361. 3 72 67

2 394 352 4 165 1145611 3 25 37 5 213 231
4 46 92 6 1W4 1100 -111 135 5 -6 65 7 196 .156

2. -257 214 6 51 96 8 230 1652 22 <19 7 169 181 9 64 713 -113 2.13 8 14 46
4 -94 6,9 93 90 M~a5 -14 So 1 117 110
6 -293 L46 2-1 73 1.19 1 155 170
7 -3s6 1911 12 179 170 2 61 6 1



S Fto Fo 1 Fe 1 FQ Fo

3 112 94 1 152 182 8 71 26
t 336 251 2 278 313 9 95 44
5 283 251 3 2 23 C 10 -4.2 42
6 232 221 4 258 269 12 -9 42
7 230 193 5 147 133 12 20 (25
8 136 12 6 -2 14 13 31 C
9 196 124 7 180 209 14 -45 34

10 146 124 a 166 191 1.5 -1 (lii
11 75 f7 9 91 101
12 116 74 10 110 215 731
13 53 53 11 63 57

9 99 117
651 7u 1 274 2

2 67 870 27 35 1 21 205 3 177 179
1 -28 14 2 185 173 4 217 Z14
2 --115 83 3 368 256 5 1o7 135
3 -3 (19 4 283 io 6 :.62 161
4 -1 .8 5 216 lei 7 106 im.
5 -53 16 6 223 177 a 61 112
6 6 4.4 7 113 101 9 83 94
7 -67 6c a 159 193 1 70 50

9 18o 5o1
10 197 191 7.31
11 22.1 209

1 21 12 55 ?a 1 302 242
2 2 30 13 69 75 2 437 361
3 "76 89 14U 15 3 -143 584 -35 39 15 83 46 4 137 149
56 6 19 16 3.16 44 5 366 312
6 4 g9 6 91 1367 14'C19 721. 7 261 %
8 37 (186 13 lb

9 24 (16 0 80 1038 1 64
10 51 35 1 19 51 10 220 156
11 53 5 2 73 8 11 153 1123 -16 23 12 100 63

661 4 -139 10 12 93 90
5 -214 (23 14 3 902

0 120 145 6 32 11
1 44 81 7 -7 <23 742
2 83 65 8 v36 <21

9 5c 53 0 -6 27
* 61 10 34 (16 1 6-0 6.2

.26 161 11 -a3 42 2 -5 4232 16 16 3 -17 <21
2 61 35 721 4 53 48

5 31 144 4 32 1 52 57 6 -27 4.18
5 66 76 2 l25 Id4 7 -15 <16
6 24 21 3 -26 27 & 66 78

1 --31 26
711 5 -47 57 714

6 -7 23
0 167 15. 7 5 <23 1 -.12 27



1 F@ Fo 1 Fc Fo 1 Fe F0
2 17 (23 7 323 414 8213 6 16 5 180 2554 -14 27 9 124 253 0 236 2255 -8 53 10 131 169 1 243 LA6 -57 55 2 163 1687 5 23 bl 3 274 266Q 19 (21 4 169 1,79 -28 "21 1 323 407 5 ii. 12710 M7 E9s 2 L05 524 6 176 11.491 0 3 246 377 7 220 9212 46 34 4 276 405 5 53 4413 -46 11 5 444 570 9 14

751 6 333 393 10 61 357 7 5o
5 1.35 244 7210 67 62 9 166 41 71 69 10 145 248 1 136 1422 120 1C4, 11 196 2.46 2 193 2073 52 43 12 25 27 3 25 324 52 44 13 67 67 4 79 6c5 26 27 14 125. 152 5 216 196

15 84 129 6 ic2 127751 16 153 158 7 168 156
1 98 96 61. 8 151 1472 90 96 9 114 12290 90 10 242 2163 222 90 0 172 147 11 211 1964 59 32 1 119 105 12 90 i25 92 71 2 1oo 69 13 88 71

76 3 79 71 14 120 117o 67 41 4 112 51 15 51 46
9 95 65 6 -142 74 63110 57 55 7 80 77

76. 6 8 37 0 16 309 17 25 1 -30 (23
10 41 23 2 -93 55S 12 23 3 -142 67

761,, 7 -44 (235 44 46
1 '-182 154 6 -15 <191 -75 62 2 -167 145 7 13 352 51 l 3 -165 145 8 36 533 36 11 4 -116 974 -87 74 5 39 (23 r31
6 49 27S l 7 -135 110 1 63 46
6 -16 <23 2 291 23,c -106 74 9 -14 (25 3 237 1561. 133 251 10 -45 (2.5)' 4 - 441~l2 262 379 11 123 52 5 -l1 1013 109 23 : 12 -153 115 6 -17 554 307 419 13 -240 1321 7 51 25

6 -1 c3 0 (19 8 2 23
6 10 0 5 -36 3c 32 21



1 Fc To 1 Fc F 1 Fe Fo

10 -10 26 4 205 156 2 159 232

11 22 t21 5 -173 129 3 162 218

12 39 <19 6 -33 4 4 215 2
1 52 C6 7 39 <23 5 71 1
13 67 37 8 -18 23 6 15 81

9 123 65 7 61 81

911 10 -25 23 8 46 81
11 -8 (a2. 9 27 65

0 107 120 12 34 419 10 66 76
1 217 235 13 -.66 12 21 39 57
2 234 207 11 -2 (14 12 44 76

3 159 147 5 8 5 13 161 173
4 128 12 1 90 92

5 50 o .1 15 35 73
6 125 110
7 143 120 0 148 106 1 ;u
a 73 57 1 11 67
9 127 1C4 2 10 18 0 131 131

3 191 58 2 -3,6 (25
;11 4 257 206 2 41 37

5 46 3 -23 &
1 150 136 6 43 60 4 -59 M
2 20 179 7 127 U19 5 l
3 216 200 6 16 W18

4 171 136 37 -7 51
5 22.4 77 8 -R.61

6 256 204 1 69 76
7 12.4 215 2 269 251 1
8 122 122 3 79 69 --
9 J 12 -3

10 126 1201f A
11 M7t 209 6 117 149 57 4
12 109 73 7 145 15 4 0 51
13 17 <9 0 142 126 5 57 28
iL 226 97 9 75 55 6 lI. 55
215 1214 90 10 129 83 7 11 425

11 68 53 a -65 55
9a1 12 71. 37 9 81. 28

23 24 a0 10 -5 423
0 35 23 fl .334 (22.
1 26 <23 1om 12 1. 310
2 -.39 15 1.3 -72. 83
3 -2.3 <23 0 36 58 114 -3$ 19

* -19 (23 1 170 216
5 -18 (2:I 2 106 12611
6 10 <19 3 14 221 21 20

* 7 10 < IL 4 116 900 21 22

8 -9 4t. 5 -217 253 1 156 2.43
9 -1 <7 6 2 34 2 125 115

7 193 216 3 172 184
82 45 62 4 153 152

5 194 168

1 4 (23 1 m 6 165 168
2 -11 7 73 7 115 1.15
3 137 126 1 119 2.29



1 FC a 1 Fo 1 Fc Fo

2i3 176 156 9 95 83
4 -13 <23 10 94 65

1 138 156 5 153 1.27 11 64 35
2 166 166 6 285 2Li
3 89 94 7 92 103 12in
4 44 32 8 78 76
5 314 266 9 85 74 0 166 235
6 339 204 10 70 71 1 178 253
7 165 156 1. 181 136 2 io a.
8 165 133 12 116 99 3 82 122
9 153 127 13 43 25 4 79 6)

10 151 140
11 266 23$ 1;4
12 174 152
13 -9 (14 0 82 65 1 163 212
.4 56 34 1 -75 46 2 13 1247

2 .40 19 3 139
41 3 47 46 4 U6 122

4 45 41 5 73 53
c 19 19 5 -23 *12 6 131 179
1 2 <21 6 -15 A 7 7 93 119
2 2$ 8 M~ 168
3 -65 41,2 9 11 119
4 13 <18 F10 28 28
5 25 <(14 1 -59 73 11 175 179
6 -5 (11 2 -2,5 32 12 62 161

3 5 (23
1oA 4122 69 13/11

5 -48 4
21 -33 26 6 -3,8 46 0 2 (1.9
2 9 (23 7 18 (21 . _q4 90
3 2 (23 8 -90 67 2 v17 30
4 -55 60 9 29 (19 3 -fl 50
5 -56 57 10 -12 (18 4 52 58
6 -69 60 11 5 (16
7 43 55 12 88 4tzIn
8 -4 < 21 13 -12. 69
9 25 <19 1 -27 21

10 35 5o 2 76 48
12 22 a6 3 37 48
12 4 ?1 0 98 87 4 2u 163

1 55 55 5 99 69
.41. 2 107 2.1 6 -131 64

3 91 85 7 19 (21
C 131 133 4 53 35 8 13 (19
1 149 138 9 5 (19
2 116 noc -p 10 62 4
3 163 152 11 -34 23
4 55 46 1 307 92 12 -25 19
5 0 25 2 70 8
6 343 127 3 94 115 121

4 3.58 170
y$u 5 94 73 0 77 89

6 53 51 1 32 39
1 72 80 7 134 131 2. 25 46
2 198 165 E 96 73 3 89 92



1 Fe Fe 1 Fo Fo

4 27 ( 7 3 52 <16
4 -15 19

1421 5 -22 19
6 42 <16

1 19 42 7 27 (14
2 82 9d -70 58
3 120 133 9 -21 12
4 43 69 10 15 (7
5 89 126
6 193 251 LIM
7 154 177
8 36 55 2 63 124
9 45 67 3 nh 131

10 51 60 4 35 4a
11 54 5 5 -125 127

6 2C 241
1231 7 223 200

8 35 6
o 11 16
1 23 39 Mii

!313 -46 16
4 7 (12

1 -80 35 5 20 (12
2 -76 85 6 -96 67
3 -Al 87 7 8% 48
4 -ts2 60
S - 23

0 <16
7 -2 16
8 -2 14
9 -e6 14

0 12 97
1 39 34
2 91 92

1 112 15
2 864 96

* 3 120 11.3
14 32 2$
5 39 27
6 175 16$
7 10I1 08c
8 79 69
9 86 51.

10 27 27

1 -78 83
2 5 :6
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Figure le Pattermn Projection of Zinc 8-Hydroxyquinolirate Dihydrate Upon

(010). Compare 'Xith Figures 2 and 3. Crosses Indicate Final
Positions of Atom Centers, Contour lines at arbitrary intervals,
zero contour dotted, contours around origin at 4x value of otfiers.
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Figure L. Schematic a~presentation of lands Around Central Zinc At.orn in Zinc
8-Hyd.roxyquinolirate Dihydrate.


